precursor glycosphingolipids. Paragloboside (lacto-N-neotetraosyl ceramide) is converted to P1 by the addition of an alpha-galactosyl residue. P 2 individuals are missing the P1 antigen on the RBCs' surface but still synthesize P k and P antigens through the globoside synthesis pathway [1]. The P 1 phenotype is present in 79% of Caucasians, 94% of African Americans, and 20% of Cambodians and Vietnamese [1] . Anti-P1 antibody is frequently present in P 2 individuals (∼67%) [2] and most often naturally occurring. Anti-P1 is typically a clinically insignificant IgM antibody that does not react at temperatures >25 ° C [3]. However, rare cases of severe acute and severe delayed hemolytic transfusion reactions (HTRs) caused by anti-P1 antibodies reactive at 37 ° C have been reported [4] [5] [6] [7] [8] . These reports implicate both IgG and IgM classes of anti-P1 as a cause of severe HTR. Mild cases of delayed HTR may be more frequent [9] .
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Case Report
A previously healthy 36-year-old man developed weakness, fatigue, easy bruising, and oral mucosal bleeding. The patient presented to urgent care clinic for a non-painful skin infection over his left nipple. He was given antibiotics and sent home but was later called and advised to go to the emergency department (ED) for evaluation of pancytopenia.
In the ED the patient was found to be febrile to 39.0 ° C, tachycardic to 118 bpm, mildly hypertensive to 157/78 mm Hg, and pancytopenic with white blood cell count of 3.1 × 10 3 /μl, platelet count of 11 × 10 3 /μl, and hematocrit of 17%. He was given fluids, started on cefepime and vancomycin, and transferred to a tertiary medical center. Peripheral blood smear morphology revealed abnormal promyelocytes and myeloid precursors, concerning for acute promyelocytic leukemia (APML). Flow cytometric analysis demonstrated CD117-positive myeloid blasts representing 88.9% of the white cells with features consistent with APML: increased CD33, variably decreased CD34, increased CD117, and low to absent HLA-DR. Fluorescent in situ hybridization (FISH) confirmed t(15; 17)(q24;q21) translocation.
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Immunohematology · RBC serology · Blood groups Summary Background: Here we report a case of acute hemolytic transfusion reaction (HTR) due to anti-P1 and review our institutional database for prevalence of anti-P1 antibodies and frequency of anti-P1-mediated HTR. Anti-P1 antibodies, reported to be present in up to two-thirds of P 2 individuals, are usually clinically insignificant. However, rare cases of acute HTR due to anti-P1 are reported. Case Report: We report the clinical and laboratory features of a mild acute HTR due to an IgM anti-P1 not detected by a routinely used antibody screening method. We reviewed our institutional database to investigate prevalence of anti-P1 antibodies identified in our patient population and frequency of HTR in patients with anti-P1. Results: Analysis of RBC transfusion recipient data over the 10-year period from 2006 to 2015 showed prevalence of anti-P1 identified in our laboratory of 174 per 100,000 individuals. Frequency of HTR in patients with anti-P1 identified in our laboratory over a 10-year period was 1 in 1,429 RBC transfusions (0.07%). Conclusion: Our reported case of HTR mediated by IgM anti-P1 reactive at 37 ° C confirms the potential of antibody screening methods designed to detect IgG antibodies to miss rare clinically significant IgM antibodies.
Introduction
P antigens, including P1 and P k antigens in the P1PK system and P antigen in the GLOB system, are synthesized by sequential addition of monosaccharides by glycosyltransferase enzymes to Patient pre-transfusion testing showed blood group A, RhD-positive and negative antibody detection test (Capture-R solid phase; Immucor, Norcross, GA, USA). Electronic crossmatch was used for RBC compatibility confirmation. On date of admission, the patient received two RBC units and two platelet units without incident; all cellular components were pre-storage leukocyte-reduced and irradiated. On the following day, another unit of RBCs was ordered (electronic crossmatch) and transfused. No premedication was given. At 87 min into the transfusion (approximately 175 ml given), the patient developed chills and rigors and transfusion was discontinued. Vital signs showed significant elevation of blood pressure; all other vital signs were stable (table 1). Patient was febrile at initiation of transfusion, and no significant change in temperature occurred during transfusion. A transfusion reaction report was filed; no clerical discrepancies were found.
A visual hemolysis check comparing plasma from pre-and post-transfusion specimens taken 15 min after the initiation of the transfusion showed mild hemolysis -change of grade from 1 to 2 on hemolysis scale with grade range 1 to 8 (Haemonetics, Braintree, MA, USA). To further evaluate for hemolytic reaction, direct antiglobulin test (DAT) was performed on both pre-and post-transfusion specimens. DAT performed on the post-transfusion specimen was weakly positive by polyspecific antihuman globulin (AHG; Immucor), anti-IgG (rabbit polyspecific, Ortho-Clinical Diagnostics, Raritan, NJ, USA), and anti-C3b,-C3d (Immucor), while all DAT testing performed on the pre-transfusion specimen was negative.
Antibody detection and identification were performed using the tube method. Patient plasma was incubated with commercially available RBC suspension reagents (Immucor) and the transfused RBCs for 5 min at room temperature (RT). Polyethylene glycol (PEG; Immucor) was then added and the test mixture incubated at 37 ° C for 15 min followed by indirect antiglobulin test (IAT) with anti-IgG. The implicated RBC unit was found to be incompatible with the patient's pre-and post-transfusion plasma by PEG-IAT. An acid eluate was prepared from the patient's post-transfusion sample using a commercially available kit (Gamma ELU-KIT ® ; Immucor). The implicated RBC unit was incompatible with the eluate. Anti-P1 was identified in patient's plasma. Reactivity at RT varied from strongly reactive (3+) to weakly reactive (w+) when tested with P1-positive reagent RBCs in the pre-and post-transfusion samples. Presence of underlying common alloantibodies and antibodies to several low-incidence antigens (anti-Co b , anti-Dantu, anti-He, anti-Go a , anti-Sc:2, anti-Wr a , and anti-Lu:14) were excluded by PEG-IAT. To differentiate the immunoglobulin class of anti-P1 antibody, the patient's plasma was treated with 0.01 mol/l DTT and tested with previously reactive reagent RBCs and the implicated RBC unit in parallel with saline-diluted patient plasma as a control. The plasma sample treated with DTT was non-reactive with previously reactive RBCs and the implicated RBC unit at RT and PEG-IAT phase. Abrogation of reactivity with DTT treatment suggests that the anti-P1 in the patient's plasma was of the IgM class.
Neutralization of anti-P1 in the patient's plasma was performed using commercially available P1 substance (Gamma P1; Immucor). One volume P1 substance was added to 10 volumes of patient plasma; mixture was incubated at RT for 5 min. Neutralized plasma was then tested with previously reactive reagent RBCs and the implicated RBC unit, using saline-diluted patient plasma as a control. Neutralization eliminated reactivity with reagent RBCs and the implicated unit both at RT and PEG-IAT phase, thus confirming that reactivity of patient's plasma with reagent RBCs and the implicated unit was due to anti-P1 and excluding other alloantibodies as the cause of reactivity.
P1 antigen typing was performed on the patient's RBCs and samples from subsequent donations from donors of two of the three transfused RBCs using commercial anti-P1 sera (Immucor) according to manufacturer's recommendations. Anti-P1 antisera were also diluted in 1: 4 ratio with Gamma Clone Control (Immucor) and tested with samples from subsequent donations of the implicated RBC unit and one of the non-implicated units to demonstrate the relative strength of their P1 antigens. The patient's RBCs were P1 antigen-negative. The implicated unit donor sample showed greater P1 antigen strength compared to the non-implicated unit donor sample. Retrospective cross-matching of the three transfused RBC units with pre-transfusion and post-transfusion specimens showed incompatibility with the implicated RBC unit (table 2). The implicated unit was reactive with patient's plasma when tested at RT and at 37 ° C by PEG-IAT. One of the non-implicated transfused RBC units was also weakly reactive at RT but showed no reactivity by PEG-IAT. P1 antigen typing and crossmatch results are shown in table 2.
The patient's post-transfusion bilirubin levels were not measured. Patient's hematocrit rose from 20% pre-transfusion to 23% post-transfusion and then fell to 19% (in absence of hemodilution) 13 h after the reaction.
Methods
Retrospective study of patient charts with anti-P1 antibody was approved by the Institutional Review Board of the University of Washington in Seattle, WA, The prevalence of anti-P1 was calculated based on the number of patients fulfilling above criteria in regards of the total number of patient's receiving RBC transfusions in the Bloodworks NW system during the 10-year study period. We investigated occurrence and type of transfusion reactions in patients with anti-P1 and calculated the frequency of anti-P1 HTR.
Results
From January 2006 through December 2015 (10-year study period), 146,030 patients were transfused with one or more RBC units issued from our laboratory. Of these patients, 254 were identified to have anti-P1. Thus the calculated prevalence of identified anti-P1 antibodies in the study population was 174 per 100,000 transfused individuals. A total of 1,429 RBC units were transfused to these 254 patients over the 10-year period. The number of RBC units per patient ranged from 1 to 113 (mean 5.6, median 3). 15 suspected transfusion reactions for 13 patients were reported in association with these RBC transfusions. Only one of these suspected reactions -our current case report -was an HTR. All other reactions were unrelated to anti-P1 and included possible TRALI (1), febrile nonhemolytic reaction (1), possible febrile nonhemolytic reaction (4), allergic reaction (5), circulatory overload (1), and unrelated to transfusion (2) . Thus the 10-year frequency of HTR in patients with identified anti-P1 antibodies was 1 in 1,429 RBC transfusions.
Discussion
Although anti-P1 is present in up to two-thirds of P 2 individuals [2] , severe HTR due to anti-P1 is rarely reported. Since 1980, there have been five reports of severe HTR due to anti-P1 in which the serological workup and antibody class were described [4] [5] [6] [7] [8] . Conversely, anti-P1 has been reported as a frequent cause of mild delayed HTR [9] .
The current case demonstrates a clinically mild acute HTR caused by an IgM anti-P1 antibody reactive at 37 ° C. The antibody was not detected by routine antibody screen using Capture-R solid phase technology designed to detect IgG antibodies. The patient's plasma reacted strongly with the implicated unit and weakly with a previously transfused unit. In this reported case, the HTR was most likely due to strong expression of P1 antigen on the implicated unit rather than the potency of anti-P1 antibody in the patient's plasma.
Crossmatch-compatible RBCs are considered safe for transfusion to patients with anti-P1 antibody [10] , and it is our laboratory policy to issue AHG phase crossmatch-compatible RBCs rather than P1-negative units to these patients. Our data investigating RBC transfusions to patients with anti-P1 showed 1,429 transfusions to 254 patients over a 10-year period with only 1 HTR (current case report). This reaction occurred after transfusion of an electronically selected unit rather than a serologically tested crossmatch-compatible unit. After the anti-P1 antibody was identified in this patient, only AHG phase crossmatch-compatible RBCs were issued for transfusion. In the 3 weeks following the reaction workup, the patient received four units of AHG phase crossmatchcompatible RBCs without reported adverse events.
Routine antibody screening methods that are designed to detect IgG antibodies have the potential to miss clinically significant IgM antibodies, particularly antibodies of lower strength. While anti-P1 is usually clinically insignificant and reactive at less than 25 ° C, this case and other cases reported in the literature demonstrate the potential for HTR caused by anti-P1, either acute or delayed, ranging from mild to severe.
Review of our longitudinal transfusion database revealed the prevalence of identified anti-P1 to be 174 per 100,000 (0.174%). Not surprisingly, the prevalence of anti-P1 identified by our laboratory is much lower than the prevalence of anti-P1 in the population based on published frequencies of P 2 phenotype and published rates of anti-P1 in P 2 individuals. The Seattle metropolitan area population is 71.9% Caucasian, 11.4% Asian, 5.6% African American, 11.1% other races (2010 US census statistics). Since the P 2 phenotype is present in 21% of Caucasians [1] and anti-P1 is expected in roughly two-thirds of P 2 individuals [2], a conservative estimate of the expected number of individuals with anti-P1 in our study population would be 14%. Since the majority of anti-P1 antibodies are IgM and nonreactive at temperatures >25 ° C, a large portion of these antibodies will be undetected in the transfusion service laboratory. Use of routine antibody screening methods designed to detect IgG antibodies yielded a 10-year frequency of HTR in patients with identified anti-P1 antibodies of 1 per 1,429 RBC transfusions (0.07%).
